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Description

TECHNICAL FIELD

[0001] The present invention relates to a piezoelectric
device used as a head for an ink jet printer or an inertial
sensor including an angular velocity sensor used in var-
ious electronic apparatuses such as a vehicle navigation
system or attitude control, and a method of manufactur-
ing the same.

BACKGROUND ART

[0002] Fig. 10 is a perspective view of a detection el-
ement of an angular velocity sensor as one type of a
conventional piezoelectric device disclosed in Patent
Document 1, and Fig. 11 is a cross-sectional view taken
along line 11-11 of Fig. 10.
[0003] The conventional angular velocity sensor in-
cludes tuning fork type detection element 1 shown in Fig.
10 and a signal processing circuit (not shown) for
processing a signal output from detection element 1 and
calculating an angular velocity. As shown in Fig. 10, de-
tection element 1 is configured by a tuning fork type in
which a pair of facing arms 2 is connected by connection
portion 3, and connection portion 3 is mounted in a
mounting substrate and is used. Driving portions 4 for
driving arms 2, detecting portion 5 for outputting an an-
gular velocity signal generated due to the angular velocity
applied to detection element 1, and monitor portion 6 for
monitoring the driving state of detection element 1 are
arranged in each of the pair of arms 2. In the arrangement,
two driving portions 4 are arranged with one detecting
portion 5 interposed therebetween and monitor portion
6 is arranged in the vicinity of the boundary between each
of arms 2 and connection portion 3, in the opposite di-
rections of arms 2.
[0004] As shown in Fig. 11, each of the pair of arms 2
has silicon substrate 9 having two layers including silicon
layer 7 and silicon oxide layer 8 obtained by oxidizing the
surface thereof, and driving portions 4 and detecting por-
tion 5 are formed on silicon substrate 9 with intermediate
layer 10 interposed therebetween. Each of driving por-
tions 4 and detecting portion 5 includes lower electrode
layer 12 and upper electrode layer 13 with piezoelectricity
layer 11 interposed therebetween. Adhesion layer 14 is
formed between piezoelectricity layer 11 and upper elec-
trode layer 13.
[0005] Intermediate layer 10 is made of titanium (Ti),
and lower electrode layer 12 is made of Pt-Ti mainly made
of platinum (Pt) containing Ti. Piezoelectricity layer 11
includes two layers including alignment control layer 15
mainly made of lead titanate and PZT layer 16 made of
lead zirconate titanate and laminated on alignment con-
trol layer 15. Adhesion layer 14 is made of Ti, and upper
electrode layer 13 is made of Au.
[0006] Recently, the angular velocity sensor has been
used in extremely high-temperature environments such

as the inside of an engine room as well as a cabin of a
vehicle which a person gets on and off. Accordingly, the
reliability of the angular velocity sensor needs to be fur-
ther improved at a high temperature.
[0007] If conventional detection element 1 having the
above configuration is used at a high temperature as in
the vicinity of an engine, interaction occurs between Ti
constituting adhesion layer 14 formed between piezoe-
lectricity layer 11 and upper electrode layer 13 of detec-
tion element 1 and PZT layer 16 constituting piezoelec-
tricity layer 11. Accordingly, the dielectric constant, the
specific resistance or the piezoelectric constant of the
interface of piezoelectricity layer 11 is changed with time
and detection sensitivity is changed.
[0008] Fig. 12 is a characteristic diagram showing a
change in the basic point voltage fluctuation of the same
angular velocity sensor at a high temperature with the
elapse of time. In the angular velocity sensor using de-
tection sensor 1, as shown in Fig. 12, as an operation
time at a high temperature (an operation of 5 V at 125
degrees Celsius) is increased, a basic point voltage
which is a voltage generated in the angular velocity sen-
sor when an angular velocity is not applied is significantly
changed.
[0009] Accordingly, in the conventional piezoelectric
device, as can be seen from the characteristic diagram
showing an output voltage change against an angular
velocity change of the angular velocity sensor of Fig. 13,
a voltage when an angular velocity is not generated is
changed from the basic point voltage (point V0) to, for
example, point V1 of a minus side, and an error of
A°C/sec occurs.
[0010] However, in the piezoelectric vibrator field, a
vibrator is composed of a piezoelectric substance, elec-
trodes are respectively formed on two opposite surfaces
of the piezoelectric substance, and tungsten is used as
the underlying layers of the electrodes. In this piezoelec-
tric vibrator, in order to prevent the piezoelectric sub-
stance as well as the electrodes from being trimmed
when the electrodes are laser-trimmed in order to adjust
a resonance frequency, tungsten, a metal with a high
melting point, is used as the underlying layers of the elec-
trodes (see Patent Document 2).
[0011] Although it relates to the semiconductor field,
there is a technology that, in order to form a T-shaped
electrode on a semiconductor substrate, tungsten in
which an α phase and a β phase coexist and α-phase
tungsten, and thereon tungsten having the α phase are
formed on the semiconductor substrate and processed
by etching. In this technology, the T-shaped electrode is
obtained by focusing on a difference in the etching rates
of the α-phase tungsten and the β-phase tungsten, form-
ing tungsten in which an α phase and a β phase coexist
with a higher etching rate on a lower side and forming
the α-phase tungsten with a lower etching rate on an
upper side (see Patent Document 3) .

[Patent Document 1] Japanese Patent Unexamined
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Publication No. 2005-249645
[Patent Document 2] Japanese Patent Unexamined
Publication No. 58-188916
[Patent Document 3] Japanese Patent Unexamined
Publication No. 64-30273

[0012] WO 2004/091098 A1 discloses a thin layer elec-
trical component having a piezoelectric functional layer.
A growth layer of Mo or W is formed between the bottom
electrode and the piezoelectric layer.
[0013] US 6,291,931 B1 discloses a piezoelectric res-
onator having multiple layers of material within each elec-
trode of the resonator. The layer next to the piezoelectric
is mode of tungsten
[0014] US 2003/234,082 A1 and JP 2004-006673 A
disclose a method for manufacturing an electronic com-
ponent comprising an electrode film which consists of α-
phase tungsten.

DISCLOSURE OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0015] The present invention is to solve the conven-
tional problems and is to provide a piezoelectric device,
such as an angular velocity sensor, which is capable of
improving reliability by improving the adhesion property
of both a piezoelectricity layer and an electrode and de-
creasing a basic point voltage fluctuation at the time of
a high-temperature operation, and a method of manu-
facturing the same.

MEANS FOR SOLVING THE PROBLEM

[0016] The present invention includes a substrate, a
lower electrode layer formed on the substrate, a piezo-
electricity layer formed on the lower electrode layer, an
upper electrode layer formed on the piezoelectricity layer,
and any one or both of a lower adhesion layer formed
between the piezoelectricity layer and the lower electrode
layer so as to abut on the piezoelectricity layer and the
lower electrode layer or an upper adhesion layer formed
between the piezoelectricity layer and the upper elec-
trode layer so as to abut on the piezoelectricity layer and
the upper electrode layer. Each of the upper adhesion
layer and the lower adhesion layer includes a first tung-
sten layer made of tungsten in which an α phase and a
β phase coexist and a second tungsten layer made of α-
phase tungsten, and the first tungsten layer is configured
so as to abut on the piezoelectricity layer.
[0017] By this configuration, since the first tungsten
layer has excellent adhesion properties with respect to
the piezoelectricity layer, the electrical connection prop-
erty of the piezoelectricity layer and the lower electrode
layer or the upper electrode layer can be maintained. In
addition, since the α phase has a low specific resistance,
it is possible to minimize power loss. In addition, since
tungsten has little diffusion at a high temperature, it is

possible to improve reliability under the use thereof at a
high temperature.
[0018] The present invention includes a substrate, a
lower electrode layer formed on the substrate, a piezo-
electricity layer formed on the lower electrode layer, an
upper electrode layer formed on the piezoelectricity layer,
and any one or both of a lower adhesion layer formed
between the piezoelectricity layer and the lower electrode
layer so as to abut on the piezoelectricity layer and the
lower electrode layer or an upper adhesion layer formed
between the piezoelectricity layer and the upper elec-
trode layer so as to abut on the piezoelectricity layer and
the upper electrode layer. A portion of the upper adhesion
layer and the lower adhesion layer, which abuts on the
piezoelectricity layer, is made of tungsten in which an α
phase and a P phase coexist, a ratio of tungsten of the
P phase is reduced as going away from the piezoelec-
tricity layer, and a portion which abuts on the upper elec-
trode layer or the lower electrode layer is made of α-
phase tungsten.
[0019] By this configuration, the electrical connection
property of the piezoelectricity layer and the lower elec-
trode layer or the upper electrode layer can be main-
tained. In addition, since the α phase has a low specific
resistance, it is possible to minimize power loss. In ad-
dition, since tungsten has little diffusion at a high tem-
perature, it is possible to improve reliability under the use
thereof at a high temperature.
[0020] An embodiment which is not part of the present
invention includes a substrate, a lower electrode layer
formed above the substrate, a piezoelectricity layer
formed on the lower electrode layer, an upper electrode
layer formed on the piezoelectricity layer, and any one
or both of a lower adhesion layer formed between the
piezoelectricity layer and the lower electrode layer so as
to abut on the piezoelectricity layer and the lower elec-
trode layer or an upper adhesion layer formed between
the piezoelectricity layer and the upper electrode layer
so as to abut on the piezoelectricity layer and the upper
electrode layer. The lower adhesion layer and the upper
adhesion layer are configured by the transition of β-phase
tungsten to α-phase tungsten after forming β-phase tung-
sten without heating the substrate.
[0021] By this configuration, the electrical connection
property of the piezoelectricity layer and the lower elec-
trode layer or the upper electrode layer can be main-
tained. In addition, since tungsten obtained by the tran-
sition of β-phase tungsten formed without heating the
substrate to α-phase tungsten is the adhesion layer, it is
possible to improve the adhesion property with the pie-
zoelectricity layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

Fig. 1 is a perspective view of a detection element
of an angular velocity sensor as one type of a pie-
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zoelectric device according to an embodiment of the
present invention.
Fig. 2 is a cross-sectional view taken along line 2-2
of Fig. 1.
Fig. 3 is a cross-sectional view of a detection element
of an angular velocity sensor as one type of a pie-
zoelectric device according to another embodiment
not forming part of the present invention.
Fig. 4 is a characteristic diagram showing X-ray dif-
fraction measurement results after forming film of an
adhesion layer in an angular velocity sensor manu-
factured for examination.
Fig. 5 is a characteristic diagram showing a change
in the basic point voltage fluctuation of the same an-
gular velocity sensor at a high temperature with the
elapse of time.
Fig. 6 is a characteristic diagram showing X-ray dif-
fraction measurement results after forming film of an
adhesion layer in an angular velocity sensor accord-
ing to the another embodiment.
Fig. 7 is a characteristic diagram showing a change
in the basic point voltage fluctuation of the angular
velocity sensor according to the embodiment at a
high temperature with the elapse of time.
Fig. 8 is a characteristic diagram showing a relation-
ship between a maximum polarization amount and
a heating treatment temperature of an upper adhe-
sion layer of the angular velocity sensor according
to the same embodiment.
Fig. 9A is a view showing a relationship between an
adhesion property and a heating treatment temper-
ature of an upper adhesion layer of the angular ve-
locity sensor according to the same embodiment.
Fig. 9B is a view showing a relationship between an
adhesion property and a heating treatment temper-
ature of an upper adhesion layer of the angular ve-
locity sensor according to the same embodiment.
Fig. 9C is a view showing a relationship between an
adhesion property and a heating treatment temper-
ature of an upper adhesion layer of the angular ve-
locity sensor according to the same embodiment.
Fig. 9D is a view showing a relationship between an
adhesion property and a heating treatment temper-
ature of an upper adhesion layer of the angular ve-
locity sensor according to the same embodiment.
Fig. 9E is a view showing a relationship between an
adhesion property and a heating treatment temper-
ature of an upper adhesion layer of the angular ve-
locity sensor according to the same embodiment.
Fig. 10 is a perspective view of a detection element
of an angular velocity sensor as one type of a con-
ventional piezoelectric device.
Fig. 11 is a cross-sectional view taken along line
11-11 of Fig. 10.
Fig. 12 is a characteristic diagram showing a change
in basic point voltage fluctuation of the same angular
velocity sensor at a high temperature with the elapse
of time.

Fig. 13 is a characteristic diagram showing an output
voltage change against an angular velocity change
of the same angular velocity sensor.

DESCRIPTION OF REFERENCE NUMERALS AND 
SIGNS

[0023]

21: detection element
22: arm
23: connection portion
24: driving portion
25: detecting portion
26: monitor portion
27: signal line portion
28: silicon layer
29: silicon oxide layer
30: silicon substrate
31: intermediate layer
32: piezoelectricity layer
33: lower electrode layer
34: upper electrode layer
35: adhesion layer
36: alignment control layer
37: piezoelectric layer
47: first tungsten layer
48: second tungsten layer
91: scribing line
92: peeling portion

PREFERRED EMBODIMENTS FOR CARRYING OUT 
THE INVENTION

[0024] Hereinafter, an angular velocity sensor as one
type of a piezoelectric device according to an embodi-
ment of the present invention will be described with ref-
erence to the accompanying drawings.

(Embodiment 1)

[0025] Fig. 1 is a perspective view of a detection ele-
ment of an angular velocity sensor as one type of a pie-
zoelectric device according to an embodiment of the
present invention, and Fig. 2 is a cross-sectional view
taken along line B-B of Fig. 1.
[0026] The angular velocity sensor as one type of the
piezoelectric device according to the embodiment of the
present invention includes tuning fork type detection el-
ement 21 and a signal processing circuit (not shown) for
processing a signal output from detection element 21 and
calculating an angular velocity, as shown in Fig. 1. De-
tection element 21 is configured by a tuning fork type in
which a pair of facing flexible arms 22 is connected by
connection portion 23, and connection portion 23 is
mounted in a mounting substrate and is used. Driving
portions 24 for driving arms 22, detecting portion 25 for
outputting an angular velocity signal generated due to
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the angular velocity applied to detection element 21, and
monitor portion 26 for monitoring the driving state of de-
tection element 21 are arranged in the pair of arms 22.
In the arrangement, two driving portions 24 are arranged
with one detecting portion 25 interposed therebetween
and monitor portion 26 is arranged in the vicinity of the
boundary between each of arms 22 and connection por-
tion 23, in the opposite directions of arms 22. In addition,
routed signal line portions 27 (including an electrode pad,
or the like) extending from driving portions 24, detecting
portion 25 and monitor portion 26 are arranged.
[0027] As shown in Fig. 2, each of the pair of arms 22
has silicon substrate 30 having two layers including sili-
con layer 28 and silicon oxide layer 29 obtained by oxi-
dizing the surface thereof. In addition, the substrate of
the present invention is not specially limited to silicon
substrate 30, but silicon substrate 30 will be described
by way of example in the following embodiment. Driving
portions 24 and detecting portion 25 are formed on silicon
substrate 30 with intermediate layer 31 interposed ther-
ebetween. Each of driving portions 24 and detecting por-
tion 25 includes lower electrode layer 33 and upper elec-
trode layer 34 with piezoelectricity layer 32 interposed
therebetween. Upper adhesion layer 35 is formed be-
tween piezoelectricity layer 32 and upper electrode layer
34.
[0028] Intermediate layer 31 is formed on silicon oxide
layer 29 and is made of titanium (Ti) or titanium oxide
(TiOx) Lower electrode layer 33 is formed on intermediate
layer 31 and is made of platinum (Pt) and Ti.
[0029] Piezoelectricity layer 32 includes two layers in-
cluding alignment control layer 36 and piezoelectric layer
37. Alignment control layer 36 is formed on lower elec-
trode layer 33 and is made of lead lanthanum titanate
(PLT), lanthanum-magnesium-added lead titanate
(PLMT), or the like. Piezoelectric layer 37 is formed on
alignment control layer 36 and is made of lead zirconate
titanate (PZT).
[0030] Upper adhesion layer 35 includes first tungsten
layer 47 and second tungsten layer 48. First tungsten
layer 47 is formed on piezoelectric layer 37, and contains
α-phase tungsten and β-phase tungsten coexisting
therein. Second tungsten layer 48 is formed on first tung-
sten layer 47 and is made of α-phase tungsten. Upper
electrode layer 34 is formed on upper adhesion layer 35
and is made of gold (Au).
[0031] If an X axis, a Y axis and a Z axis which are
orthogonal to each other are taken as shown in Fig. 1,
when an AC signal is applied to driving portions 24 of
detection element 21, arms 22 vibrate in the X axis di-
rection. At this time, when an angular velocity about the
Z axis occurs, Coriolis force in the Y axis direction occurs
and arms 22 are bent in the Y axis direction. The bending
is detected by detecting portion 25, thereby obtaining the
angular velocity signal.
[0032] Hereinafter, a method of manufacturing the pi-
ezoelectric device according to the present embodiment
having the above-described configuration will be de-

scribed.
[0033] First, silicon oxide layer 29 made of silicon oxide
(SiO2) is formed on the surface of silicon layer 28 by
oxidizing the surface of the substrate made of silicon layer
28. Next, Ti is formed on silicon oxide layer 29 by sput-
tering so as to form intermediate layer 31. By the sput-
tering condition at this time, Ti reacts with oxygen to be-
come TiOx and thus a material constituting intermediate
layer 31 also becomes TiOx. Next, Pt and Ti are formed
on intermediate layer 31 by sputtering so as to form lower
electrode layer 33. Next, PLT or PLMT is formed on lower
electrode layer 33 by sputtering so as to form alignment
control layer 36. Next, PZT is formed on alignment control
layer 36 by sputtering so as to form piezoelectric layer
37. Next, tungsten in which an α phase and a β phase
coexist is formed on piezoelectric layer 37 by sputtering
so as to form first tungsten layer 47. Next, α-phase tung-
sten is formed on first tungsten layer 47 by sputtering so
as to form second tungsten layer 48. Next, Au is formed
on second tungsten layer 48 by sputtering so as to form
upper electrode layer 34.
[0034] In the piezoelectric device according to the
present embodiment configured and manufactured as
described above, since first tungsten layer 47 is made of
tungsten in which an α phase and a β phase coexist, the
adhesion property with piezoelectric layer 37 is improved.
The reason why the adhesion property is improved will
be described as follows, although not completely eluci-
dated.
[0035] The lattice constant of PZT depends on a com-
bination ratio of lead (Pb), zirconia (Zr) and Ti and is
about 0.405 nm. Meanwhile, the lattice constant of α-
phase tungsten is 0.316 nm. Since a difference between
both values is large, the adhesion property is bad. How-
ever, since the lattice constant of the β-phase tungsten
is 0.505 nm, the central value of the lattice constant of
the α-phase tungsten and the lattice constant of the β-
phase tungsten and the lattice constant of PZT are very
close to each other. Accordingly, the adhesion property
of first tungsten layer 47 and piezoelectric layer 37 are
improved by growth from an amorphous tungsten state
or fine crystals, in which an α phase and a β phase co-
exist, by a tuning operation from a side abutting on PZT.
In addition, since tungsten in which an α phase and a P
phase coexist and α-phase tungsten are different from
each other in the lattice constants and are the same ma-
terial, the adhesion property therebetween is high. Ac-
cordingly, the peeling of first tungsten layer 47 and sec-
ond tungsten layer 48 hardly occurs.
[0036] Although, in the piezoelectric device according
to the above embodiment, upper adhesion layer 35 is
formed, a lower adhesion layer (not shown) may be
formed between lower electrode layer 33 and piezoelec-
tric layer 37. In this case, second tungsten layer 48 made
of α-phase tungsten is formed on lower electrode layer
33, first tungsten layer 47 made of tungsten in which an
α phase and a β phase coexist is formed thereon, and
piezoelectric layer 37 is formed thereon. In this case,
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since the alignment of piezoelectric layer 37 has a large
ratio depending on first tungsten layer 47, a material con-
genial to first tungsten layer 47 is preferably selected as
piezoelectric layer 37 in terms of alignment. Alternatively,
piezoelectric layer 37 may include two layers, a material
with a high adhesion property with first tungsten layer 47
may be selected as a lower layer of piezoelectric layer
37, which abuts on first tungsten layer 47, and a material
with a good alignment property may be selected as an
upper layer formed on the lower layer.
[0037] The lower adhesion layer may be formed to-
gether with upper adhesion layer 35. Alternatively, only
the lower adhesion layer may be formed without forming
upper adhesion layer 35.
[0038] In the formation of tungsten in which an α phase
and a β phase coexist and the formation of α-phase tung-
sten, tungsten with a predetermined phase state can be
obtained by controlling the temperature at the time of the
film formation, the gas pressure of argon (Ar) in sputtering
at the time of the film formation, and the radio frequency
(RF) power and the like.
[0039] Although, in the above embodiment, upper ad-
hesion layer 35 includes the two layers including first
tungsten layer 47 and second tungsten layer 48, it may
be formed of one layer in which the phase is continuously
changed from tungsten in which an α phase and a β
phase coexist to α-phase tungsten. In this case, the layer
made of tungsten in which an α phase and a β phase
coexist is set to be the portion of upper adhesion layer
35 which abuts on piezoelectric layer 37, and the layer
made of the α-phase tungsten, in which the ratio of the
β-phase tungsten is reduced therefrom, is set to be the
portion of upper adhesion layer 35 which abuts on upper
electrode layer 34.
[0040] The continuous formation of tungsten in which
an α phase and a P phase coexist and α-phase tungsten
is realized by controlling the temperature at the time of
the film formation, the gas pressure of Ar in sputtering at
the time of the film formation, and the radio frequency
(RF) power and the like on the way of film formation.
[0041] As described above, according to the present
embodiment, each of upper adhesion layer 35 and the
lower adhesion layer includes first tungsten layer 47
made of tungsten in which an α phase and a P phase
coexist and second tungsten layer 48 made of α-phase
tungsten, and first tungsten layer 47 abuts on piezoelec-
tric layer 37.
[0042] According to such a configuration, since first
tungsten layer 47 has an excellent adhesion property with
piezoelectric layer 37, it is possible to maintain an elec-
trical connection property between piezoelectric layer 37
and lower electrode layer 33 or upper electrode layer 34.
In addition, since the α phase has a low specific resist-
ance, it is possible to suppress power loss to the mini-
mum. In addition, since tungsten has little diffusion at a
high temperature, the reliability under the use thereof at
a high temperature can be improved.
[0043] According to the present embodiment, the por-

tion of upper adhesion layer 35 and the lower adhesion
layer, which abuts on piezoelectric layer 37, is made of
tungsten in which an α phase and a β phase coexist, the
ratio of β-phase tungsten is reduced as going away from
piezoelectric layer 37, and the portion, which abuts on
upper electrode layer 34 or lower electrode layer 33, is
made of α-phase tungsten.
[0044] According to such a configuration, since tung-
sten in which an α phase and a β phase coexist has an
excellent adhesion property with piezoelectric layer 37,
it is possible to maintain an electrical connection property
between piezoelectric layer 37 and lower electrode layer
33 or upper electrode layer 34. In addition, since the α
phase has a low specific resistance, it is possible to sup-
press power loss to the minimum. In addition, since tung-
sten has little diffusion at a high temperature, the relia-
bility under the use thereof at a high temperature can be
improved.

(Embodiment 2)

[0045] In the present embodiment, which is not part of
the present invention, tungsten with an extremely low
reaction property with PZT, which is used as upper ad-
hesion layer 35 in Embodiment 1, will be further examined
in detail. Fig. 3 is a cross-sectional view of a sample used
for examination. A method of preparing a material is as
follows.
[0046] First, as shown in Fig. 3, intermediate layer 31,
lower electrode layer 33, alignment control layer 36, and
piezoelectric layer 37 made of PZT were successively
laminated on silicon substrate 30 with a wafer shape.
Thereafter, tungsten was formed as upper adhesion layer
35 by a sputtering method in a state in which silicon sub-
strate 30 is heated to 150°C. In addition, upper electrode
layer 34 was laminated on upper adhesion layer 35.
[0047] The result of measuring the crystallinity of the
tungsten film of upper adhesion layer 35 after sputtering
by an X-ray diffraction method using 2θ and CuKα is
shown in Fig. 4. In FIG. 4, a horizontal axis denotes a
diffraction angle and a vertical axis denotes a relative
value of X-ray diffraction strength. It is known that tung-
sten transits from a β phase with a high specific resist-
ance to an α phase with a low specific resistance about
100°C. In addition, it can be seen that the tungsten film
obtained herein is α phase, from a peak with large dif-
fraction strength of Fig. 4 corresponding to α-phase tung-
sten Wα (110).
[0048] Next, driving portions 24, detecting portion 25
and monitor portion 26, having a predetermined shape,
were formed by performing dry etching and wet etching
using a photolithography method. Thereafter, a polariza-
tion process and an annealing process were performed
so as to stabilize piezoelectric characteristics.
[0049] Next, silicon substrate 30 with the wafer shape
was dry etched so as to form a plurality of tuning fork
type detection elements 21, and dicing was performed
such that individual detection elements 21 were divided.
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[0050] In the angular velocity sensor using the detec-
tion element having such a configuration, it can be seen
that a basic point voltage fluctuation at the time of the
continuous operation at a high temperature (at the time
of the operation of 5 V at 125 degrees) is significantly
improved compared with the conventional angular veloc-
ity sensor, as shown in Fig. 5, but an operation time is
rapidly increased from a time point exceeding 2000 hours
and thus long-term reliability is lowered.
[0051] Accordingly, in the present embodiment, a ma-
terial was prepared by the following method. The method
includes a step of forming a lower electrode layer above
a substrate, a step of forming a piezoelectricity layer on
the lower electrode layer, a step of forming an upper elec-
trode layer above the piezoelectricity layer, and a step
of forming an upper adhesion layer between the piezo-
electricity layer and the upper electrode layer. The step
of forming the upper adhesion layer is performed by de-
positing tungsten without heating the substrate so as to
form the upper adhesion layer made of β-phase tungsten
and heating the upper adhesion layer made of β-phase
tungsten so as to transit to an adhesion layer made of α-
phase tungsten.
[0052] According to this manufacturing method, when
the upper adhesion layer located between the piezoelec-
tricity layer and the upper electrode layer is formed, since
tungsten is deposited without heating the substrate so
as to form the upper adhesion layer made of β-phase
tungsten, it is possible to suppress the interaction of tung-
sten constituting the upper electrode layer and the ma-
terial constituting the piezoelectricity layer. Accordingly,
since the basic point voltage fluctuation at the time of the
high-temperature operation can be suppressed to a low
level over a long period of time, it is possible to provide
a piezoelectric device such as an angular velocity sensor
with high reliability at a high temperature. In addition,
since the adhesion layer made of β-phase tungsten is
heated so as to transition to the adhesion layer made of
α-phase tungsten, the adhesion property with the piezo-
electricity layer can be improved.
[0053] In particular, by heating the upper adhesion lay-
er made of β-phase tungsten in a range of 150°C to
300°C, it is possible to improve the adhesion property
between the upper adhesion layer and the piezoelectric-
ity layer and to prevent the deterioration of the piezoe-
lectricity layer from progressing due to the interaction
therebetween.
Hereinafter, an angular velocity sensor as one type of
the piezoelectric device according to the present embod-
iment will be described with reference to the drawings.
[0054] The perspective view of a detection element of
the angular velocity sensor as one type of the piezoelec-
tric device according to the present embodiment is equiv-
alent to Fig. 1. The cross-sectional configuration of the
detection element of the angular velocity sensor as one
type of the piezoelectric device according to the present
embodiment is equivalent to Fig. 3.
[0055] Even in the present embodiment, each of the

pair of arms 22 has silicon substrate 30 having two layers
including silicon layer 28 and silicon oxide layer 29 ob-
tained by oxidizing the surface thereof, as shown in Fig.
3. Driving portions 24 and detecting portion 25 are formed
on silicon substrate 30 with adhesion layer 31 interposed
therebetween. Each of driving portions 24 and detecting
portion 25 includes lower electrode layer 33 and upper
electrode layer 34 with piezoelectricity layer 32 inter-
posed therebetween. Upper adhesion layer 35 is formed
between piezoelectricity layer 32 and upper electrode
layer 34.
[0056] In the present embodiment, upper adhesion lay-
er 35 is made of Ti, and lower electrode layer 33 is made
of Pt-Ti mainly made of platinum containing Ti. Piezoe-
lectricity layer 32 includes two layers including alignment
control layer 36 mainly made of lead titanate and piezo-
electric layer 37 made of a piezoelectric material contain-
ing lead laminated on alignment control layer 36. Upper
adhesion layer 35 is made of tungsten, and upper elec-
trode layer 34 is made of Au. Lanthanum-magnesium-
added lead titanate or lead lanthanum titanate may be
used as alignment control layer 36. PZT, PLZT, or the
like, may be used as piezoelectric layer 37 made of a
piezoelectric material containing lead.
[0057] Next, a method of manufacturing detection el-
ement 21 according to the present embodiment will be
described.
[0058] First, Ti is sputtered on wafer-shaped silicon
substrate 30 having silicon oxide layer 29 on the surface
thereof so as to form adhesion layer 31.
[0059] Next, Ti and Pt are simultaneously sputtered on
adhesion layer 31 as a target so as to form lower elec-
trode layer 33.
[0060] Next, lanthanum-magnesium-added lead titan-
ate or lead lanthanum titanate is sputtered on lower elec-
trode layer 33 so as to form alignment control layer 36.
[0061] Next, PZT is sputtered on alignment control lay-
er 36 so as to form piezoelectric layer 37.
[0062] Next, tungsten is deposited (hereinafter, re-
ferred to as "sputtered") on piezoelectric layer 37 as a
target so as to form upper adhesion layer 35 made of β-
phase tungsten. In order to form β-phase tungsten, the
temperature of the silicon substrate 30 with the wafer
shape needs to be maintained at a transition temperature
(about 100°C) or less from the β phase to the α phase.
In this case, in the present embodiment, sputtering is
performed without heating silicon substrate 30 with the
wafer shape. At this time, the temperature of silicon sub-
strate 30 is increased to about 60°C by the radiation heat
of the sputtering. After film of upper adhesion layer 35
made of β-phase tungsten is formed, a heating treatment
is performed at 180°C for 2 hours during vacuum in a
sputtering device. By this heating treatment, β-phase
tungsten transitions to α-phase tungsten with a lower
specific resistance. This heating treatment is preferably
performed in a range of 150°C to 300°C, as can be seen
from the below-described reason.
[0063] Next, Au is sputtered on upper adhesion layer
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35 so as to form upper adhesion layer 34.
[0064] After the film is formed by sputtering, similar to
Fig. 4, the result of measuring the crystallinity of the tung-
sten film before the heating treatment by an X-ray dif-
fraction method is shown in Fig. 6. The lower data of Fig.
6 denotes the crystallinity of the tungsten film according
to the present embodiment, and, as can be seen from
Fig. 6, a peak corresponding to α-phase tungsten Wα
(110) does not appear. Meanwhile, it can be seen from
peaks corresponding to β-phase tungsten Wβ (200) and
Wβ (210) that the tungsten film obtained herein is β phase.
The upper data of Fig. 6 denotes the crystallinity of the
tungsten film formed by setting the temperature of the
substrate to 150°C and is the data of Fig. 4 which is re-
corded again for comparison with.
[0065] Next, driving portions 24, detecting portion 25
and monitor portion 26 having a predetermined shape
and routed signal line portions 27 extending therefrom
were first formed by performing dry etching using a pho-
tolithography method. At this time, a portion of signal line
portions 27 is not completely etched and the driving por-
tions, or the like, are electrically connected to earth
through that portion.
[0066] Next, wet etching is performed and a portion of
signal line portions 27 is removed so as to form signal
line portions 27 with a predetermined shape. Next, a po-
larization process and an annealing process are per-
formed so as to stabilize piezoelectric characteristics.
[0067] Next, silicon substrate 30 with the wafer shape
is dry etched so as to form a plurality of tuning fork type
detection elements 21, and dicing is performed such that
individual detection elements 21 are divided.
[0068] In the angular velocity sensor using detection
element 21, as shown in Fig. 7, even when the operation
time at the time of the high-temperature operation (at the
time of the operation of 5V at 125 degrees Celsius) is
increased to, for example, 2000 hours or more, the basic
point voltage fluctuation is maintained at a low level. That
is, since the basic point voltage fluctuation at the time of
the high-temperature operation can be suppressed to a
low level over a long period of time, it is possible to obtain
an angular velocity sensor with high reliability at a high
temperature.
[0069] The reason why the basic point voltage fluctu-
ation is maintained at the low level at the time of the high-
temperature operation over the long period of time in the
angular velocity sensor according to the embodiment
configured and manufactured as described above is as
follows.
[0070] In order to stabilize the characteristics of the
angular velocity sensor, the interaction between upper
adhesion layer 35 made of tungsten and piezoelectric
layer 37 abutting on and made of PZT is suppressed and
the adhesion property needs to be maintained. If the sub-
strate is heated when film of upper adhesion layer 35 is
formed by the sputtering method, piezoelectric layer 37
simultaneously receives high energy applied to deposit-
ed particles by the sputtering method and heat energy

from the substrate. As a result, the interaction of tungsten
constituting piezoelectric layer 37 and upper adhesion
layer 35 cannot be suppressed and the deterioration of
the sensor characteristics is accelerated.
[0071] In contrast, in the present embodiment, since
silicon substrate 30 with the wafer shape is not heated
when upper adhesion layer 35 made of tungsten is
formed by the sputtering method, the interaction of tung-
sten constituting upper adhesion layer 35 and material
constituting piezoelectric layer 37 can be suppressed.
Since only the heating is performed after forming the film
so as to improve the adhesion property, it is possible to
improve the adhesion property while suppressing the in-
teraction of tungsten constituting upper adhesion layer
35 and material constituting piezoelectric layer 37. Ac-
cordingly, it is possible to stabilize the characteristics of
the sensor.
[0072] Next, a preferable temperature range of the
heating treatment performed after forming upper adhe-
sion layer 35 will be described.
[0073] Fig. 8 shows a relationship between the maxi-
mum polarization amount of piezoelectricity layer 32 and
the temperature of the heating treatment performed after
forming upper adhesion layer 35. The maximum polari-
zation amount is a maximum polarization amount (a di-
pole moment per unit volume) generated in a state of
applying a voltage to piezoelectricity layer 32. It can be
seen from Fig. 8 that, if the heating treatment temperature
exceeds 300°C, the maximum polarization amount is
largely lowered. Tungsten constituting upper adhesion
layer 35 and PZT constituting piezoelectric layer 37 of
piezoelectricity layer 32 interact with each other such that
the deterioration of piezoelectricity layer 32 progresses.
Accordingly, the heating treatment temperature is pref-
erably 300°C or less.
[0074] Figs. 9A to 9E show the experimental results
showing the relationship between the adhesion property
between upper adhesion layer 35 and piezoelectric layer
37 of piezoelectricity layer 32 and the temperature of the
heating treatment performed after film of upper adhesion
layer 35 is formed. In these experiments, upper adhesion
layer 35 subjected to the heating treatment at various
temperatures is prepared, scribing line 91 is drawn on
film of upper adhesion layer 35 using a diamond indenter,
and, after an adhesion tape is adhered thereon, the tape
is peeled.
[0075] Fig. 9A shows the case where the heating treat-
ment is not performed, Fig. 9B shows the case where
the heating treatment temperature is 100°C, Fig. 9C
shows the case where the heating treatment temperature
is 150°C, Fig. 9D shows the case where the heating treat-
ment temperature is 180°C, and Fig. 9E shows the case
where the heating treatment temperature is 210°C.
[0076] As can be seen from Figs. 9A to 9E, in the case
where the heating treatment temperature is 100°C or less
as shown in Figs. 9A and 9B, upper adhesion layer 35
is largely peeled off using scribing line 91 as a starting
point and a plurality of large and small peeling portions
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92 are generated. Accordingly, in this case, it can be
seen that the adhesion property is insufficient. In con-
trast, in the case where the heating treatment tempera-
ture is 150°C or more as shown in Figs. 9C to 9E, the
peeling from the periphery of scribing line 91 hardly oc-
curs. Accordingly, the heating treatment temperature is
preferably 150°C or more because the adhesion property
is high.
[0077] As described above, the present embodiment
includes a step of forming lower electrode layer 33 above
silicon substrate 30 with the wafer shape, a step of form-
ing piezoelectricity layer 32 above lower electrode layer
33, a step of forming upper electrode layer 34 above pi-
ezoelectricity layer 32, and a step of forming upper ad-
hesion layer 35 between piezoelectricity layer 32 and up-
per electrode layer 34. The step of forming upper adhe-
sion layer 35 is performed by depositing tungsten without
heating silicon substrate 30 with the wafer shape so as
to form adhesion layer 35 made of β-phase tungsten and
heating adhesion layer 35 made of β-phase tungsten so
as to transition to adhesion layer 35 made of α-phase
tungsten.
[0078] Accordingly, when upper adhesion layer 35 lo-
cated between piezoelectricity layer 32 and upper elec-
trode layer 34 is formed, since tungsten is deposited with-
out heating silicon substrate 30 with the wafer shape so
as to form upper adhesion layer 35 made of β-phase
tungsten, it is possible to suppress the interaction of tung-
sten constituting upper electrode layer 34 and material
constituting piezoelectric layer 37 constituting a portion
of piezoelectricity layer 32. Accordingly, since the basic
point voltage fluctuation at the time of the high-temper-
ature operation can be suppressed to a low level over a
long period of time, it is possible to provide a piezoelectric
device such as an angular velocity sensor with high re-
liability at the high temperature. In addition, since upper
adhesion layer 35 made of β-phase tungsten is heated
so as to transition to upper adhesion layer 35 made of
α-phase tungsten, the adhesion property with piezoelec-
tric layer 37 constituting the portion of piezoelectricity lay-
er 32 can be improved.
[0079] Although, in the present embodiment which is
not part of the invention, upper adhesion layer 35 is
formed on piezoelectric layer 37, the same effect can be
obtained when a lower adhesion layer (not shown) may
be formed after lower electrode layer 33 is formed before
forming piezoelectric layer 37. That is, the lower adhesion
layer (not shown) made of β-phrase tungsten is formed
by depositing tungsten without heating silicon substrate
30 after forming lower electrode layer 33. Thereafter, the
lower adhesion layer made of β-phase tungsten is heated
so as to transition to the lower adhesion layer made of
α-phase tungsten. Thereafter, piezoelectric layer 37 is
formed on the lower adhesion layer.
[0080] Accordingly, it is possible to suppress the inter-
action of tungsten constituting the lower electrode layer
and the material of piezoelectric layer 37 and to suppress
the basic point voltage fluctuation at the time of the high-

temperature operation suppressed to a low level over a
long period of time. In addition, the adhesion property
with piezoelectric layer 37 constituting the portion of pi-
ezoelectricity layer 32 can be improved.

INDUSTRIAL AVAILABILITY

[0081] The present invention is particularly applicable
to vehicles or various electrical apparatuses such as a
head for an ink jet printer or an inertia sensor including
an angular velocity sensor, which can improve the relia-
bility under the use thereof at a high temperature.

Claims

1. A piezoelectric device comprising:

a substrate (30);
a lower electrode layer (33) formed on the sub-
strate (30);
a piezoelectricity layer (32) formed on the lower
electrode layer (33);
an upper electrode layer (34) formed on the pi-
ezoelectricity layer (32); and
and at least one of a lower adhesion layer formed
between the piezoelectricity layer (32) and the
lower electrode layer (33) so as to abut on the
piezoelectricity layer (32) and the lower elec-
trode layer (33) or an upper adhesion layer (35)
formed between the piezoelectricity layer (32)
and the upper electrode layer (34) so as to abut
on the piezoelectricity layer (32) and the upper
electrode layer (34);
characterized in that
each of the upper adhesion layer (35) and the
lower adhesion layer includes a first tungsten
layer (47) made of tungsten in which an α phase
and a β phase coexist and a second tungsten
layer (48) made of α-phase tungsten, and the
first tungsten layer (47) is configured so as to
abut on the piezoelectricity layer (32).

2. A piezoelectric device comprising:

a substrate (30);
a lower electrode layer (33) formed on the sub-
strate (30);
a piezoelectricity layer (32) formed on the lower
electrode layer (33);
an upper electrode layer (34) formed on the pi-
ezoelectricity layer (32); and
at least one of a lower adhesion layer formed
between the piezoelectricity layer (32) and the
lower electrode layer (33) so as to abut on the
piezoelectricity layer (32) and the lower elec-
trode layer (33) or an upper adhesion layer (35)
formed between the piezoelectricity layer (32)
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and the upper electrode layer (34) so as to abut
on the piezoelectricity layer (32) and the upper
electrode layer (34);
characterized in that
a portion of the upper adhesion layer (35) and
the lower adhesion layer, which abuts on the
piezoelectricity layer (32), is made of tungsten
in which an α phase and a β phase coexist, a
ratio of tungsten of β phase is reduced as going
away from the piezoelectricity layer (32), and a
portion which abuts on the upper electrode layer
(34) or the lower electrode layer (33) is made of
α-phase tungsten.

3. A method of manufacturing a piezoelectric device,
the method comprising:

forming a lower electrode layer (33) on a sub-
strate (30);
forming a piezoelectricity layer (32) on the lower
electrode layer (33);
forming an upper electrode layer (34) on the pi-
ezoelectricity layer (32); and
forming at least one of a lower adhesion layer
between the piezoelectricity layer (32) and the
lower electrode layer (33) so as to abut on the
piezoelectricity layer (32) and the lower elec-
trode layer (33) after forming the lower electrode
layer (33) and before forming the piezoelectricity
layer (32) or an upper adhesion layer (35) be-
tween the piezoelectricity layer (32) and the up-
per electrode layer (34) so as to abut on the pi-
ezoelectricity layer (32) and the upper electrode
layer (34) after forming the piezoelectricity layer
(32) and before forming the upper electrode lay-
er (34);
characterized in that
the forming of the upper adhesion layer (35) and
the lower adhesion layer includes forming a first
tungsten layer (47) made of tungsten in which
an α phase and a β phase coexist and forming
a second tungsten layer (48) made of α-phase
tungsten, and the first tungsten layer (47) is
formed so as to abut on the piezoelectricity layer
(32).

4. A method of manufacturing a piezoelectric device,
the method comprising:

forming a lower electrode layer (33) on a sub-
strate (30);
forming a piezoelectricity layer (32) on the lower
electrode layer (33);
forming an upper electrode layer (34) on the pi-
ezoelectricity layer (32); and
forming at least one of a lower adhesion layer
between the piezoelectricity layer (32) and the
lower electrode layer (33) so as to abut on the

piezoelectricity layer (32) and the lower elec-
trode layer (33) after forming the lower electrode
layer (33) and before forming the piezoelectricity
layer (32) or an upper adhesion layer (34) be-
tween the piezoelectricity layer (32) and the up-
per electrode layer (34) so as to abut on the pi-
ezoelectricity layer (32) and the upper electrode
layer (34) after forming the piezoelectricity layer
(32) and before forming the upper electrode lay-
er (34);
characterized in that
the forming of the upper adhesion layer (35) and
the lower adhesion layer includes forming tung-
sten, in which an α phase and a β phase coexist,
in a portion which abuts on the piezoelectricity
layer (32), reducing a ratio of tungsten of β phase
as going away from the piezoelectricity layer
(32), and forming α-phase tungsten in a portion
which abuts on the upper electrode layer (34) or
the lower electrode layer (33).

Patentansprüche

1. Piezoelektrische Vorrichtung, enthaltend:

ein Substrat (30);
eine auf dem Substrat (30) gebildete untere
Elektrodenschicht (33);
eine auf der unteren Elektrodenschicht (33) ge-
bildete Piezoelektrizitätsschicht (32);
eine auf der Piezoelektrizitätsschicht (32) gebil-
dete obere Elektrodenschicht (34); und
und wenigstens eines von einer unteren Haft-
schicht, die so zwischen der Piezoelektrizitäts-
schicht (32) und der unteren Elektrodenschicht
(33) gebildet ist, dass sie an die Piezoelektrizi-
tätsschicht (32) und die untere Elektroden-
schicht (33) angrenzt, oder einer oberen Haft-
schicht (35), die so zwischen der Piezoelektrizi-
tätsschicht (32) und der oberen Elektroden-
schicht (34) gebildet ist, dass sie an die Piezo-
elektrizitätsschicht (32) und die obere Elektro-
denschicht (34) angrenzt;
dadurch gekennzeichnet, dass
die obere Haftschicht (35) und die untere Haft-
schicht jeweils eine erste Wolframschicht (47),
die aus Wolfram hergestellt ist, in dem eine α-
Phase und eine β-Phase koexistieren, und eine
zweite Wolframschicht (48) enthält, die aus α-
Phase-Wolfram hergestellt ist, und dass die ers-
te Wolframschicht (47) so eingerichtet ist, dass
sie an die Piezoelektrizitätsschicht (32) an-
grenzt.

2. Piezoelektrische Vorrichtung, enthaltend:

ein Substrat (30);
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eine auf dem Substrat (30) gebildete untere
Elektrodenschicht (33);
eine auf der unteren Elektrodenschicht (33) ge-
bildete Piezoelektrizitätsschicht (32);
eine auf der Piezoelektrizitätsschicht (32) gebil-
dete obere Elektrodenschicht (34); und
wenigstens eines von einer unteren Haftschicht,
die so zwischen der Piezoelektrizitätsschicht
(32) und der unteren Elektrodenschicht (33) ge-
bildet ist, dass sie an die Piezoelektrizitäts-
schicht (32) und die untere Elektrodenschicht
(33) angrenzt, oder einer oberen Haftschicht
(35), die so zwischen der Piezoelektrizitäts-
schicht (32) und der oberen Elektrodenschicht
(34) gebildet ist, dass sie an die Piezoelektrizi-
tätsschicht (32) und die obere Elektrodenschicht
(34) angrenzt;
dadurch gekennzeichnet, dass
ein Teil der oberen Haftschicht (35) und der un-
teren Haftschicht, der an die Piezoelektrizitäts-
schicht (32) angrenzt, aus Wolfram hergestellt
ist, in dem eine α-Phase und eine β-Phase ko-
existieren, ein Anteil des Wolframs der β-Phase
reduziert wird, wenn man sich von der Piezoe-
lektrizitätsschicht (32) weg bewegt, und ein Teil,
der an die obere Elektrodenschicht (34) oder die
untere Elektrodenschicht (33) angrenzt, aus α-
Phase-Wolfram hergestellt ist.

3. Verfahren zum Herstellen einer piezoelektrischen
Vorrichtung, wobei das Verfahren enthält:

Bilden einer unteren Elektrodenschicht (33) auf
dem Substrat (30);
Bilden einer Piezoelektrizitätsschicht (32) auf
der unteren Elektrodenschicht (33);
Bilden einer oberen Elektrodenschicht (34) auf
der Piezoelektrizitätsschicht (32); und
Bilden von wenigstens einem von einer unteren
Haftschicht zwischen der Piezoelektrizitäts-
schicht (32) und der unteren Elektrodenschicht
(33) derart, dass sie an die Piezoelektrizitäts-
schicht (32) und die untere Elektrodenschicht
(33) nach Bilden der unteren Elektrodenschicht
(33) und vor Bilden der Piezoelektrizitätsschicht
(32) angrenzt, oder einer oberen Haftschicht
(35) zwischen der Piezoelektrizitätsschicht (32)
und der oberen Elektrodenschicht (34) derart,
dass sie an die Piezoelektrizitätsschicht (32)
und die obere Elektrodenschicht (34) nach Bil-
den der Piezoelektrizitätsschicht (32) und vor
Bilden der oberen Elektrodenschicht (34) an-
grenzt;
dadurch gekennzeichnet, dass
das Bilden der oberen Haftschicht (35) und der
unteren Haftschicht enthält, dass eine erste
Wolframschicht (47) gebildet, wird, die aus Wolf-
ram hergestellt wird, in dem eine α-Phase und

eine β-Phase koexistieren, und eine zweite
Wolframschicht (48) gebildet wird, die aus α-
Phase-Wolfram hergestellt wird, und dass die
erste Wolframschicht (47) so gebildet wird, dass
sie an die Piezoelektrizitätsschicht (32) an-
grenzt.

4. Verfahren zum Herstellen einer piezoelektrischen
Vorrichtung, wobei das Verfahren enthält:

Bilden einer unteren Elektrodenschicht (33) auf
dem Substrat (30);
Bilden einer Piezoelektrizitätsschicht (32) auf
der unteren Elektrodenschicht (33);
Bilden einer oberen Elektrodenschicht (34) auf
der Piezoelektrizitätsschicht (32); und
Bilden von wenigstens einem von einer unteren
Haftschicht zwischen der Piezoelektrizitäts-
schicht (32) und der unteren Elektrodenschicht
(33) derart, dass sie an die Piezoelektrizitäts-
schicht (32) und die untere Elektrodenschicht
(33) nach Bilden der unteren Elektrodenschicht
(33) und vor Bilden der Piezoelektrizitätsschicht
(32) angrenzt, oder einer oberen Haftschicht
(34) zwischen der Piezoelektrizitätsschicht (32)
und der oberen Elektrodenschicht (34) derart,
dass sie an die Piezoelektrizitätsschicht (32)
und die obere Elektrodenschicht (34) nach Bil-
den der Piezoelektrizitätsschicht (32) und vor
Bilden der oberen Elektrodenschicht (34) an-
grenzt;
dadurch gekennzeichnet, dass
das Bilden der oberen Haftschicht (35) und der
unteren Haftschicht enthält, dass Wolfram, in
dem eine α-Phase und eine β-Phase koexistie-
ren, in einem Teil gebildet wird, der an die Pie-
zoelektrizitätsschicht (32) angrenzt, wodurch
ein Anteil des Wolframs der β-Phase reduziert
wird, wenn man sich von der Piezoelektrizitäts-
schicht (32) weg bewegt, und in einem Teil, der
an die obere Elektrodenschicht (34) oder die un-
tere Elektrodenschicht (33) angrenzt, α-Phase-
Wolfram gebildet wird.

Revendications

1. Dispositif piézoélectrique comprenant :

un substrat (30) ;
une couche d’électrode inférieure (33) formée
sur le substrat (30) ;
une couche piézoélectrique (32) formée sur la
couche d’électrode inférieure (33) ;
une couche d’électrode supérieure (34) formée
sur la couche piézoélectrique(32), et
au moins une couche parmi une couche adhé-
sive inférieure formée entre la couche piézoé-
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lectrique (32) et la couche d’électrode inférieure
(33) de manière à ce qu’elle soit contigüe à la
couche piézoélectrique (32) et à la couche
d’électrode inférieure (33) ou une couche adhé-
sive supérieure (35) formée entre la couche pié-
zoélectrique (32) et la couche d’électrode supé-
rieure (34) de manière à ce qu’elle soit contigüe
à la couche piézoélectrique (32) et à la couche
d’électrode supérieure (34) ;
caractérisé en ce que
la couche adhésive supérieure (35) et la couche
adhésive inférieure comportent chacune une
première couche de tungstène (47) composée
d’un tungstène dans lequel coexistent une pha-
se α et une phase β et une deuxième couche
de tungstène (48) composée d’un tungstène de
phase α et en ce que la première couche de
tungstène (47) est configurée de manière à ce
qu’elle soit contigüe à la couche piézoélectrique
(32).

2. Dispositif piézoélectrique comprenant :

un substrat (30);
une couche d’électrode inférieure (33) formée
sur le substrat (30) ;
une couche piézoélectrique (32) formée sur la
couche d’électrode inférieure (33) ;
une couche d’électrode supérieure (34) formée
sur la couche piézoélectrique (32) ; et
au moins une couche parmi une couche adhé-
sive inférieure formée entre la couche piézoé-
lectrique (32) et la couche d’électrode inférieure
(33) de manière à être contigüe à la couche pié-
zoélectrique (32) et à la couche d’électrode in-
férieure (33) ou la couche adhésive supérieure
(35) formée entre la couche piézoélectrique (32)
et la couche d’électrode supérieure (34) de ma-
nière à être contigüe à la couche piézoélectrique
(32) et à la couche d’électrode supérieure (34) ;
caractérisé en ce que
une partie de la couche adhésive supérieure
(35) et de la couche adhésive inférieure qui est
contigüe à la couche piézoélectrique (32) est
composée d’un tungstène dans lequel coexis-
tent une phase α et une phase β, un ratio du
tungstène de phase β diminue à mesure que
l’on s’éloigne de la couche piézoélectrique (32)
et une partie contigüe à la couche d’électrode
supérieure (34) ou à la couche d’électrode infé-
rieure (33) est composée d’un tungstène de pha-
se α.

3. Méthode de fabrication d’un dispositif piézoélectri-
que, la méthode comprenant :

la formation d’une couche d’électrode inférieure
(33) sur un substrat (30) ;

la formation d’une couche piézoélectrique (32)
sur la couche d’électrode inférieure (33) ;
la formation d’une couche d’électrode supérieu-
re (34) sur la couche piézoélectrique (32) ; et
la formation d’au moins une couche parmi une
couche adhésive inférieure entre la couche pié-
zoélectrique (32) et la couche d’électrode infé-
rieure (33) de manière à ce qu’elle soit contigüe
à la couche piézoélectrique (32) et à la couche
d’électrode inférieure (33) après la formation de
la couche d’électrode inférieure (33) et avant la
formation de la couche piézoélectrique (32) ou
une couche adhésive supérieure (35) entre la
couche piézoélectrique (32) et la couche d’élec-
trode supérieure (34) de manière à ce qu’elle
soit contigüe à la couche piézoélectrique (32) et
la couche d’électrode supérieure (34) après la
formation de la couche piézoélectrique (32) et
avant la formation de la couche d’électrode su-
périeure (34) ;
caractérisée en ce que
la formation de la couche adhésive supérieure
(35) et de la couche adhésive inférieure com-
prends la formation d’une première couche de
tungstène (47) composée d’un tungstène dans
lequel coexistent une phase α et une phase β
et la formation d’une deuxième couche de tungs-
tène (48) composée d’un tungstène de phase
α, et la première couche de tungstène (47) est
formée de manière à être contigüe à la couche
piézoélectrique (32).

4. Méthode de fabrication d’un dispositif piézoélectri-
que, la méthode comprenant :

la formation d’une couche d’électrode inférieure
(33) sur un substrat (30) ;
la formation d’une couche piézoélectrique (32)
sur la couche d’électrode inférieure (33) ;
la formation d’une couche d’électrode supérieu-
re (34) sur la couche piézoélectrique (32) ; et
la formation d’au moins une couche parmi une
couche adhésive inférieure entre la couche pié-
zoélectrique (32) et la couche d’électrode infé-
rieure (33) de manière à ce qu’elle soit contigüe
à la couche piézoélectrique (32) et à la couche
d’électrode inférieure (33) après la formation de
la couche d’électrode inférieure (33) et avant la
formation de la couche piézoélectrique (32) ou
une couche adhésive supérieure (35) entre la
couche piézoélectrique (32) et la couche d’élec-
trode supérieure (34) de manière à ce qu’elle
soit contigüe à la couche piézoélectrique (32) et
la couche d’électrode supérieure (34) après la
formation de la couche piézoélectrique (32) et
avant la formation de la couche d’électrode su-
périeure (34) ;
caractérisée en ce que
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la formation de la couche adhésive supérieure
(35) et de la couche adhésive inférieure com-
prends la formation d’un tungstène dans lequel
coexistent une phase α et une phase β dans
une partie contigüe à la couche piézoélectrique
(32), la réduction d’un ratio de tungstène de pha-
se β à mesure que l’on s’éloigne de la couche
piézoélectrique (32) et la formation d’un tungs-
tène de phase α dans une partie contigüe à la
couche d’électrode supérieure (34) ou à la cou-
che d’électrode inférieure (33).
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